Extracts of G1 cells (pH 7.9, 100mM KOAc)
IPs of TAP-Sld5
Extracts of G1 cells (pH 7.9, 100mM KOAc, +DNase)
IPs of TAP-Sld5
Extracts of cells 60' after release from HU (pH 9, 700mM KOAc)
B
Inactivation of both Ufd1 and Npl4 is necessary to block CMG disassembly efficiently at the end of chromosome replication, though the ufd1-2 mutation leads to displacement of Cdc48 from the ubiquitylated CMG helicase. (A) Control cells (YSS47), ufd1-2 (YMM306), npl4-1 (YMM308) and ufd1-2 npl4-1 (YMM574) were synchronized in G1-phase with mating pheromone at 24°C and then shifted to 37°C for 60', before release into fresh medium lacking mating pheromone. (B) Samples were taken at the 60' timepoint, after chromosome replication had been completed and CMG was monitored as above, by immunoprecipitation of the Sld5 subunit of GINS from high salt extracts. The ufd1-2 npl4-1 double mutant shows an enhanced defect in CMG disassembly at the end of S-phase, compared to the ufd1-2 or npl4-1 single mutants. 
Cell 
Lysine 29 of Mcm7 is the major site of CMG ubiquitylation both in vitro and in vivo. (A) Scheme to enrich for ubiquitylated Mcm7 from isolated CMG helicase complexes. After isolation of GINS (and thus CMG) by immunoprecipitation of TAP-Sld5 from extracts of S-phase cells (YGDP483), we released the bound complexes with TEV protease, denatured the material with 8M urea, and then isolated Mcm7-5FLAG9His on cobalt-coated magnetic beads. We compared low salt extracts that supported in vitro ubiquitylation with high salt extracts in which ubiquitylation was blocked. Note that several components of CMG, or associated factors, bound non-specifically in their denatured form to the cobalt-coated beads (Ctf4, Mrc1, Mcm3, Mcm6 -the presence of the latter factors was greatly reduced in high salt extracts). The purified material was then resolved in a 10% gel, and the indicated bands excised for mass spectrometry analysis. Figure 1c . Cells were synchronized in G1-phase at 24°C and then released into S-phase in the presence of 0.2M hydroxyurea for 70', to allow for CMG assembly at forks from early origins of replication. The cells were then shifted to 37°C for 60' to inactivate Ufd1-Npl4, before washing into fresh medium lacking hydroxyurea, to allow cells to complete chromosome replication. Sample 1 corresponded to HU arrested cells at 37°C that lacked in vivo CMG ubiquitylation (defective progression of DNA replication forks blocked the termination of DNA replication), and was used to prepare 'low-salt extracts' in order to monitor in vitro ubiquitylation of CMG helicase. In contrast, Sample 2 was taken at the end of the experiment and corresponded to cells that had completed chromosome replication in the absence of CMG disassembly (due to inactivation of Ufd1-Npl4); this sample was used to prepare 'high-salt' extracts in order to monitor in vivo ubiquitylated CMG helicase. (D) DNA content was monitored throughout the experiment by flow cytometry. (E) The CMG helicase was isolated from cell extracts by immunoprecipitation of the Sld5 subunit of GINS, revealing that the mcm7-K29A mutation abolished in vitro CMG ubiquitylation in cell extracts but did not prevent in vivo ubiquitylation at the end of chromosome replication. (F) Synchronised cultures of control (YPM81) and mcm7-K29A cells (YPM94) were generated as in Supplementary Fig. 6 . ( Summary of MS data for mapping of Mcm7 ubiquitylation sites. The table shows the annotated MS/MS data for the two spectra in Figure S3C -D.
